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Adult Urology

esticular Volume Measurement:
omparison of Ultrasonography,
rchidometry, and Water Displacement

ideo Sakamoto, Katsuyuki Saito, Michiya Oohta, Katuki Inoue, Yoshio Ogawa, and
ideki Yoshida

BJECTIVES To determine the accuracy of orchidometry and ultrasonography for measuring the testicular
volume by comparing the resultant measurements with the actual testicular volume in humans.

ETHODS The testicular volume of 40 testes from 20 patients with prostate cancer (mean age � SD 74.5 �
7.5 years) was measured using the Prader orchidometer and ultrasonography before therapeutic
bilateral orchiectomy. The ultrasound measurements of testicular volume were calculated using
three formulas: length (L) � width (W) � height (H) � 0.52, L � W2 � 0.52, and L � W �
H � 0.71. The actual testicular volumes were determined by water displacement of the surgical
specimen.

ESULTS The mean actual testicular volume of the 40 testes was 9.3 cm3 (range 2.5 to 23.0). A strong
correlation was found between the testicular volume calculated by the three ultrasound formulas
and the actual volume (r � 0.910 to 0.965, P �0.0001) and was stronger than the correlation
with the Prader orchidometer (r � 0.818, P �0.0001). The smallest mean difference from the
actual testicular volume was observed with the formula L � W � H � 0.71, which overestimated
the actual volume by 0.80 cm3 (7.42%). The measurements using the Prader orchidometer
correlated with the actual testicular volume and with the testicular volume calculated using the
three ultrasound formulas (r � 0.801 to 0.816, P �0.0001). However, the orchidometer
measurements had the largest mean difference from the actual testicular volume (6.68 cm3,
81.7%).

ONCLUSIONS The results of this study have shown that measuring the testicular volume by ultrasonography is
more accurate than by the Prader orchidometer, and the formula L � W � H � 0.71 was the most

accurate for calculating the testicular volume. UROLOGY 69: 152–157, 2007. © 2007 Elsevier Inc.
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ecause the seminiferous tubules compromise 70%
to 80% of the testicular mass, the testicular vol-
ume is believed to be an index of spermatogene-

is.1 Therefore, accurate testicular volume measurement
s one way to assess testicular function. In infertile men,
he testicular volume has correlated with the semen
rofiles.2–5 In puberty and adolescence, testicular volume
easurement is used to monitor pubertal status and assess

he clinical significance of varicocele.6–9 Currently, a
umber of measurement methods are used, including
alipers, orchidometry, and ultrasonography (US). The
esticular volume has traditionally been obtained using
nstruments such the Prader or punched-out orchidom-
ter.10,11 US is generally recognized as the most accurate
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ethod, as determined by comparison with the actual
olume.3,12–14 However, previous studies have shown a
arge variability in estimates by US depending on the
ormula used to calculate the testicular volume.3,4,7,13–20

ne recent study found that the most accurate formula to
stimate the volume of canine testes was the length
L) � width (W) � height (H) � 0.71.12 However, no
onsensus has been reached as to the best formula in
umans.
This study determined the accuracy of the Prader or-

hidometer and US for measuring the testicular volume
y comparing the results with the actual testicular vol-
me of surgical specimens obtained from patients with
rostate cancer. We also directly compared the testicular
olume measurements between US and the Prader or-
hidometer.

ATERIAL AND METHODS

total of 40 testes from 20 patients with prostate cancer

cheduled for bilateral orchiectomy (mean age � SD 74.5 � 7.5

0090-4295/07/$32.00
doi:10.1016/j.urology.2006.09.012
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U

ears) were studied. After the patients provided written in-
ormed consent, the testicular volumes were measured pre-
peratively using a Prader orchidometer and US. The actual
esticular volumes were measured by water displacement at
rchiectomy.
The scrotal contents were palpated with the patient in the

upine position, and the testicular volumes were determined by
omparison with the testis models of a Prader orchidometer,
hich consists of 12 solid ellipsoid models ranging in volume

rom 1 to 25 cm3 (1 to 6, 8, 10, 12, 15, 20, and 25 cm3). All
easurements were performed by one experienced urologist

fter stretching the scrotal skin over the testis in a warm
oom.10

High-frequency US using 5-MHz and 7.5-MHz transducers
ALOKA SSD2000, Tokyo, Japan) was performed with the
atient in the supine position by one experienced examiner.
he testes were scanned by using light pressure to avoid dis-

orting the testicular shape, and gray-scale images of the testes
ere obtained in the transverse and longitudinal planes. At

east three separate transverse and longitudinal images of each
estis were recorded, and the testicular length, width, and
eight were measured using electronic calipers without the

nclusion of the epididymis. The largest measurement in each
esticular dimension was used for volume calculation and sta-
istical analysis. The testicular volumes were calculated using
hree formulas: (a) the formula for a prolate ellipsoid: length
L) � width (W) � height (H) � 0.52 (LWH0.52)3,4,7,12; (b)
he formula for a prolate spheroid: L � W2 � 0.52
LW20.52)12–14,18,20; and (c) the empiric formula of Lambert:
� W � H � 0.71 (LWH0.71).12,15–17,19

Bilateral orchiectomies were performed under local or spinal
nesthesia, and the epididymides were removed. Each testis was
eighed, and the actual testicular volume was measured by
ater displacement.
The testicular volumes measured using a Prader orchidometer

nd calculated using each of the three US formulas were com-
ared with the actual testicular volume and with each other,
nd the correlation coefficients were calculated. The results are
eported as the mean � SD. Analysis of variance followed by
isher’s exact test was used for comparison of continuous vari-
bles. P �0.05 was considered significant.

ESULTS
he mean actual testicular volume and weight was 9.3 �
.5 cm3 (range 2.5 to 23.0) and 9.5 � 4.6 g (range 2.4 to
3.6). The US testicular volume measurements using
ach of the three formulas were different from the mea-
urements using the Prader orchidometer (Table 1). The
ean difference was �8.58 cm3 (�54.43%) for the for-
ula LWH0.52, �10.03 cm3 (�64.1%) for the formula
W20.52, and �5.89 cm3 (�37.78%) for LWH0.71.
owever, the testicular volume measurements obtained

sing each of the three formulas correlated strongly
ith the Prader orchidometer volume (Table 1 and
ig. 1).
The testicular volume measured using the Prader or-

hidometer and each of the three US formulas differed
rom the actual testicular volume (Table 2). The larg-
st mean difference from the actual testicular volume
as with the Prader orchidometer, which overesti-

ated the actual volume by 6.68 cm3 (81.7%). The
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1

ltrasound formula LW20.52 underestimated the ac-
ual volume by 3.35 cm3 (37.6%), LWH0.52 underes-
imated the actual volume by 1.90 cm3 (21.3%), and
WH0.71 overestimated the actual volume by 0.80
m3 (7.42%). The US volume measurements using
ach of the three formulas showed a stronger correla-
ion with the actual volume than did the Prader or-
hidometer (Table 2 and Fig. 2). The testicular vol-
mes calculated using the formulas LWH0.52 and
WH0.71 had stronger correlations with the actual
olumes than did those calculated using LW20.52.
owever, the Prader orchidometer measurements also

orrelated strongly with the actual testicular volume

igure 1. Correlations between testicular volumes mea-
ured by Prader orchidometer and US using (A) formula
olume � L � W � H � 0.52, (B) formula volume � L �

� H � 0.71, (C) formula volume � L � W2 � 0.52.
r � 0.818, P �0.0001).
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OMMENT
he determination of the testicular volume is important

n assessing pubertal development and testicular func-
ion.2–11 A testicular volume enlargement of 4 cm3 or
reater is used as a clinical landmark for the onset of
uberty.8 In adolescents with varicocele, a testicular size
iscrepancy between the left and right testes has served as
he main marker for surgical intervention.6,7,9 Previous
tudies have suggested that a 20% to 25% volume differ-
nce is clinically significant.7,9 In adolescence, it is im-
ortant to assess age-appropriate and symmetrical testic-
lar growth by measuring the testicular volume.6–9 The
valuation of infertile men also includes an assessment of
esticular size, which has been shown to correlate with
esticular function and the semen profile.2,3,5 Arai et al.2

howed that infertile men with a sperm density of less
han normal limits had a total testicular volume (sum of
ight and left testicular volumes) of less than 30 cm3 as
easured with the punched-out orchidometer. In the

ame study, patients with a total testicular volume of less
han 10 cm3 were azoospermic, and total volumes of less

igure 2. Correlations between actual testicular volumes an
A) Correlation between testicular volumes measured by Pra
etween testicular volumes measured by US using formula
orrelation between testicular volumes measured by US us
olume. (D) Correlation between testicular volumes measu
esticular volume.
han 20 cm3 were associated with severe oligozoospermia. a

ROLOGY 69 (1), 2007
hus, accurate determination of the testicular volume is of
reat potential benefit in the evaluation of patients for a
ariety of disorders affecting testicular growth and function.

In the past, attempts have been made to improve the
linical accuracy of testicular volume measurement using
he orchidometer, calipers, and US. Takihara et al.11

eported that testicular volumes measured using the
unched-out orchidometer had a strong correlation with
he actual testicular volumes (r � 0.81). Other studies
ave demonstrated a strong linear relationship between
he measurements made using an orchidometer and
S. However, the orchidometer often overestimates

he testicular volume, and US has become the standard
ethod.3,4,13,15,16,18 In addition, overestimation of the

esticular size may be greater in small-volume testis.16

ivkees et al.13 showed in animal models that the Prader
rchidometer overestimates the true testicular volume by
early 30% when the actual volume ranged from 1.0 to
5.0 cm3, and US was more accurate and had better
eproducibility than the orchidometer. The theoretical
dvantage of US over orchidometry is that the examiners

sticular volumes measured by Prader orchidometer and US.
rchidometer and actual testicular volumes. (B) Correlation
e � L � W � H � 0.52 and actual testicular volume. (C)

ormula volume � L � W � H � 0.71 and actual testicular
y US using formula volume � L � W2 � 0.52 and actual
d te
der o
volum
ing f
red b
re able to distinguish the testis from the adjacent soft
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1

issues and epididymis and the orchidometer cannot. US
as been generally accepted as the more accurate method,
ut debate continues.4,13–16,19 Previous studies have shown a
arge variability in US measurements of the testicular vol-
me depending on the formula used.3,4,7,12–20 Furthermore,
ecause previous reports showed a positive correlation
etween the results obtained by orchidometry and US,
rchidometers are still widely used in clinical prac-
ice.3,4,13–16,18,19 In addition, the accuracy of the testicular
olume measurement by orchidometer may be more de-
endent on examiner experience than US.4,14,19 A recent
tudy showed that US volume measurements of the testes
sing three formulas in dogs were more accurate than the
rader and punched-out orchidometers when compared
ith the actual testicular volume.12 In the same study,

he most accurate formula for estimating the testicular
olume by US was L � W � H � 0.71.12 Paltiel et al.12

lso found that all three US formulas (R2 � 0.75 to 0.9,
�0.001) had stronger correlations with the actual

olume than either the Prader or punched-out orchidom-
ter (R2 � 0.14, P � 0.12 and R2 � 0.38, P � 0.007,
espectively). However, that study was done in canine
estes and did not directly compare the testicular volume
easured by US and the Prader orchidometer, which is
ore dependent on examiner experience.4,14,19

Our study showed that US volume measurements were
ore accurate than orchidometry and that the most

ccurate formula was L � W � H � 0.71, as previously
eported.12 However, in our experience, the orchidom-
ter measurements correlated with the actual testicular
olume, a finding that differs from a previous report.12

he canine testes in their study were smaller (mean
olume 8.2 cm3, range 6.6 to 12.4) than the human testes
n our study (mean volume 9.3 cm3, range 2.5 to 23.0),
hich may have contributed to the poor correlation
etween the actual volume and the orchidometer mea-
urements. Inaccuracy of testicular volume measurement
y orchidometer has been reported to be greater in small
estes than in large testes, irrespective of the examiner’s
xperience.13,16 Moreover, our study showed that mea-
urements using the Prader orchidometer correlated
trongly with the US measurements using each of the
hree formulas. This is consistent with data from other
eports.3,13,16,18 We believe that orchidometry remains
seful in clinical practice, especially when the absolute
olume is not important. It is more important to deter-
ine the clinical implications of testicular volume mea-

urement using the US formula L � W � H � 0.71.
nowledge of the actual testicular volume is important in
dolescents with varicocele to determine the magnitude
f the discrepancy in the size of the right and left testes,
hich may reflect testicular injury by varicocele and be
n indication for varicocelectomy. The orchidometer
s insufficiently precise to reliably measure such differ-
nces.4 Therefore, we believe that US is the method of
hoice for measuring testicular volume in adolescents

ith varicocele.

56
In evaluating male infertility, knowledge of the abso-
ute testicular volume is also important in the evaluation
f testicular function. Two studies have shown that the
esticular volume measured by the orchidometer corre-
ates with normal testicular function.2,5 However, few
tudies have evaluated the relationship between testicu-
ar function and the testicular volume measured by
S.3,21 In particular, the role of testicular volume mea-

ured using the formula L � W � H � 0.71 in a
omprehensive evaluation of male infertility demands
tudy. The main purpose of an infertility workup is to
dentify correctable and irreversible conditions.22 Con-
idering cost and convenience, a precise testicular vol-
me measurement may not necessary in all infertile men.
owever, although the accuracy of orchidometry de-

ends on examiner experience, the use of orchidometers
ends to overestimate the testicular volume, especially in
mall testes, regardless of experience.13,16 Additionally,
rchidometry does not replace US in the evaluation of
ntrascrotal pathologic features, such as varicocele.

Our study had several limitations. First, all clinical
aterial was harvested from patients with prostate can-

er, who were elderly. However, previous reports have
hown that the mean testicular density does not change
ver a wide range of testicular sizes, patient ages, or
isease states.23 Second, our study did not compare the
unched-out orchidometer with water displacement and
S. However, Shiraishi et al.16 have shown that the

unched-out orchidometer overestimates the testicular
olume compared with the US formula L � W � H �
.71 and that the testicular volume measured by
unched-out orchidometer correlated strongly with that
y US. Additional studies, including examination of the
elationship between the testicular volume measured by
S and testicular function, are necessary to establish the

olumetric formula L � W � H � 0.71 as the standard
ethod for US testicular volume measurement.

ONCLUSIONS
esticular volume measurement by US is more accurate

han by Prader orchidometry. In our study, as determined
y the smallest mean difference from the actual testicular
olume, the US formula L � W � H � 0.71 generated
he most accurate testicular volume.
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